Williams Syndrome (WS) is a genetic neurodevelopmental disorder caused by a submicroscopic deletion on chromosome 7 q11.23. This is a systemic disorder in which cardiac problems and mental retardation are the key phenotypic symptoms. Although displaying a general cognitive impairment, they are most often described as exhibiting a peak and valley profile, with relative sparing of language and face processing abilities and severe impairment of visual-spatial cognition. In this study, we conducted a detailed cognitive assessment using Wechsler Intelligence Scales on a WS and a normal development control group. To explore the hypothesis of a dissociative cognitive architecture in WS, performance on subtests, factorial indexes and composite measures of Verbal, Performance and Full Scale Intelligence Quotient were analysed. Individuals with WS were found to score in Full Scale Intelligence Quotient (FSIQ) within mild to moderate mental retardation interval, and had significantly lower scores in all measures when they were compared with the normal development group. However, a specific intragroup cognitive profile was found for Williams Syndrome (confirming Mervis' definition of the WS cognitive profile) along with a specific developmental pathway (absence of an age-associated cognitive decline).
Introduction
Williams Syndrome (WS) is a neurodevelopmental disorder, with a prevalence of 1 in 7500, 30 characterized by a submicroscopic deletion on chromosome 7 q11. 23 . 20 This genetic syndrome was first described by Williams and collaborators 36 who recognized a group of 4 children with supravalvular aortic stenosis, typical facial features and mental retardation. The WS patients have an unusual phenotype, which includes a distinctive profile of physical, medical, neuropsychological, neuroanatomic and neurological characteristics. 3, 4, 8, 11, 12, 21, 24 Their typical physical characteristics include facial dysmorphology, specific clinical phenotype, poor motor coordination, muscle tone disorders (hypertonia) and articulation problems. 24 WS individuals display also distinct behavioural patterns, characterized by an excessive social behaviour, with a strong impulse towards social contact and affective expression. 2, 18 Intellectual disability is a feature of WS genetic disorder, 37 and descriptions of a consistent deficit of global intellectual functioning in this syndrome are reported. 4, 7, 14, 16, 31 In addition, several studies using a variety of standardized measures (e.g., Wechsler Intelligence Scales, Kaufman Brief Intelligence Test -K-BIT, Stanford Intelligence Scales and Differential Ability Scales -DAS) point out a high prevalence of mental retardation, within the mild to moderate interval. 4 In a variety of IQ tasks, participants with WS score in the interval ranging from 55 to 69 5, 7, [14] [15] [16] 22, 26, 31, 33 with standard global scores between 40 and 90. 4 Additionally, IQ seems to remain stable during adulthood, with no evidence of ageassociated cognitive decline. 16, 26, 32 Although global intellectual impairment is a consistent result, there is some debate on Williams Syndrome literature concerning the excellence of verbal over non-verbal measures. Thus, some studies found evidence for a superiority of verbal over non-verbal measures, 16, 17 including longitudinal evidence that verbal abilities develop faster than nonverbal ones. 17 This characteristic pattern of cognitive functioning, described in children with WS, persists also in adulthood, where the Performance IQ remains inferior to Verbal IQ. 16 Nevertheless, this dissociative pattern within WS cognition has been questioned, with other studies reporting the absence of significant discrepancies between linguistic and non-linguistic abilities in these patients. 7, 15 Of note, a consistent result emerging from previous studies is that most of the individuals with WS exhibit some intellectual impairment, with children and adults scoring in mild mental retardation interval in standardized intelligence tests. However, this overall IQ score may hide the existence of unique cognitive profile with specific performance in some subtests 23, 25 and the operationalization of WS Cognitive Profile (WSCP) has been proposed. 23 This profile considers the level of performance in central subtests (measure of global intellectual ability) and performance in 4 specific tests: Digit Recall, Naming/Definitions, Similarities and Pattern Construction, suggesting that WS patient's performance in the latter test is lower with respect to the other tests. In light of the several discrepancies in previous studies assessing the cognitive profile of subjects with WS, we thought of interest to provide a detailed analysis of cognitive functioning in Portuguese and Spanish participants with WS and in an age-matched control group with normal development, using Wechsler Intelligence Scales. The objective was to test the existence of a specific intragroup cognitive profile and its developmental stability in WS.
Method
Two groups of participants took part in this study. 
Instruments
Wechsler Intelligence Scales -WISC-III 35 and WAIS-III 34 were used to assess general cognitive functioning in patients with ages inferior to 16 years and older, respectively. This scale is one of the most used international system in assessing Intellectual Quotient (Full Scale IQ -FSIQ) allowing the discrimination of two intellectual levels related to verbal and non-verbal abilities (Verbal IQ -VIQ and Performance IQ -PIQ), factorial indexes and performance in different subtests. In addition, it is an instrument that has been widely used in assessing mental retardation, including WS. Due to previous reports with evidence of psychometric differences between WISC-R and WAIS-R, 28 ,29 specially when we analyse IQ levels in the lower range (higher FSIQ is associated with WAIS-R), a separate analysis was performed for children and adult groups (differences between VIQ and PIQ).
Procedure
After explaining the goals of the research, socio-demographic, diagnosis, clinical story and consent form elements were obtained. Then, Wechsler Intelligence Scale (3rd revision) was administered to both groups.
Data analysis
Descriptive analysis and frequencies were used to characterize both groups of participants. Normality and variance homogeneity criteria were tested for all dependent variables with Kolmogorov-Smirnov and Shapiro Wilk's tests. Parametric t tests were used to compare the groups and paired t tests were used to analyse intragroup variables. Association between age and Full Scale IQ was evaluated using Pearson's correlation.
Results
Statistical t test for independent samples indicates no significant differences between groups concerning age (t(32) ¼ À. Table 2 and Fig. 1 ).
When composite results derived from Wechsler Intelligence Scale were analysed within WS group, a tendency was evident to score higher on VIQ (M ¼ 55.53, SD ¼ 7.91) than PIQ (M ¼ 51.65, SD ¼ 5.05), even though without reaching statistical significance (t(16) ¼ 2.067, p ¼ 0.055). Given the differences between WISC-III and WAIS-III, we compared VIQ and PIQ separately for children and adolescents. Thus, paired samples' t test showed no significant differences between VIQ and PIQ both in children (n ¼ 8, t (7) Also, and consistent with these results, there is an overlap between T scores in several measures in both control and WS groups, particularly in the strong cognitive domains assessed by WSCP. However, range in scaled scores of measures, such as Coding and Block Design, is distant from scaled scores of normal controls (Table 3 ).
Discussion
Overall, this study shows that the majority of our individuals with WS (76.5%) have a FSIQ within moderate mental retardation interval. These results are consistent with other studies reporting that global intellectual functioning in WS is characterized by mild to moderate mental retardation. [4] [5] [6] [7] 15, 26, 31 However, there are some differences with respect to the values found in this clinical group in other studies. First, mean FSIQ values are slightly inferior to those reported in some studies (w55). 4, 7, 16 Second, FSIQ of all our subjects were ranging in mild to moderate mental retardation interval, with no subject scoring on the borderline interval. Interestingly, previous studies carried out also in Portugal and Spain did not find borderline IQ scores in WS participants. 13, 14 This result suggests the possible existence of an underdiagnosed subcategory of good functioning WS population in Portugal and North of Spain, which are not referred to genetic counselling. Although there is a trend for a significant difference between VIQ and PIQ, this difference disappeared when we analysed this difference according to the test used, suggesting that rather than a true difference between these measures, this effect was due to a methodological artefact, suggesting that individuals with WS display similar performance in both measures that is consistent with other studies. 6, 7, 15 In addition, in factorial indexes, no primacy of Verbal Comprehension Index over Speed Processing and Perceptual Organization Indexes was found. These data question the widespread idea that verbal component of intelligence is clearly superior to performance component. 16 The apparent ability in interpersonal dimensions of language (e.g., audience hookers) may inflate our clinical impression of a spared verbal functioning 14, 19 Comparing WS with control group, there are statistical significant differences in all dimensions of the Wechsler Intelligence Scale. These data confirm that all cognitive functions are impaired in WS; therefore, the analysis of preserved cognitive areas of performance must be obtained within the cognitive profile of WS (comparing strong and weak areas) and through comparisons with other groups with intellectual disability. 19 A detailed analysis from Intelligence Scale subtests clearly demonstrates the typical heterogeneity of their cognitive phenotype which is consistent with the Mervis et al. 23 Contrary to what is typical with other developmental disorders with a cognitive decline as the participants age, 9, 10 no significant correlation between age and FSIQ was found in our sample. These data are consistent with other studies, showing that IQ remains stable during adulthood. 16, 26 However, a longitudinal study of these individuals would be needed to more accurately test this developmental pathway. 
In sum, data obtained from this study confirm the presence of intellectual disability, and evidence general deficits, both in verbal and performance components. Interestingly, in spite of the small sample size, our clinical sample is remarkably homogenous, suggesting that the range of intellectual functioning in our individuals with WS occurs within a limited interval. In addition, we confirmed the absence of an ageassociated cognitive decline, which is distinct from other neurodevelopmental disorders that evidence a progressive deterioration course in intellectual functioning.
